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The invention relates to an electrophoretic display device comprising at least 
one pixel with an electrophoretic medium, and two switching electrodes, as well as drive 
m eans via which the pixel can bebrought to different optical states. Where a switching 
electrode is mentioned in this application, it may be divided, if desired, into a plurality of 
5 sub-electrodes which are supplied with one and the same voltage either externally or via 

switching elements. 

Becttophoretic display devices are based on the motion of charged, usually 

colon* particle, under the influence of an electric field between two extreme states havmg a 
different transmisaivity or reflectivity. With these display devices, da* (colored) chataders 
10 can be imaged on a light (colored) background, and vice versa 

Electrophoretic display devices are therefore notably used in display devtces 
taking over the function of paper, referred to as the "white paper" applications (decttonic 
newspapers, electronic diaries). 

in the known decttophoretic display devicea with an decttophoretic medium 
tetweentwo switching decttodes, the switching electrodes are aupplied Witt, drive voltages. 
The pixel may then be brought exclusively to two extreme optical states. One of the 
switching etecttodes is then realized, for example, as two muttony interconnect* nattow 
conducting strips on .heuppersideof a display dement. At a positive voltage — *• 
,0 switching electrode with respect to a bottom electrode covering the entire bottom su*ce 
the display dement, chtuge4 particle* (negdivdy charged in tins example) move to the 
potential plane which is defined by the two interconnected natxow conducting stnps. The 
^gativeWchsrgedpartidea spread across titeftontfaee of thedisplay element (ptxd) 
vritich then assumes the co.or of the charged panicles. At a negative voltage across the 
25 switching eleettode with respect to the bottom decttode, the (negatively) charged p^des 
spread across the bottom fcce so that the display element (pixel) assumes the co.or of tire 

^ in practice, titere is an ever increasing need for displaying intermediate optical 

^(referred ,o as grey values). Known methods of inttodudng grey values are usually no, 
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satisfactory. For example, electrophone display devices are too slow to introduce grey 
values via time-weighted drive periods (time ratio grey scale). Division of the pixel into 
different surfaces (area ratio grey scale) usually requires barriers between the different sub- 
pixels so as to prevent mutual crosstalk. 

5 It is an object of the present invention to meet this drawback. In an 

electrophoretic display device according to the invention, grey values (intermediate optical 
states) are introducedby providing the pixel with at least one further electrode and dnve 
means for supplying the further electrode with electric voltages. 

The invention is based on the recognition that the electric field within a 

10 display cell can be influenced by means of electric voltages on the further electrode in such a 

the switching electrode with respect to the bottom electrode are disturbed in such a way that 
the negatively charged particles move towards a portion of the surface between the two 
electrodes. Dependent on the electric voltages across the switching electrodes and one (or 
15 m ore)furmerelectrode(s),moreorfewer P articlesmovetowa^ 

electrodes and different intermediate optical states (grey values) are obtained. 

To obtain a satisfactory distribution across the surface between the two I 
electrodes when the settings are changed, it is preferred to spread the charged particles 
uniformly across the other electrode in advance, for exa^le^ringing the pixel to a 
20 defined state prior to selection, for example, by givingjajjeset^if necessary m J 
combination with a small alternating field component. 

I„ a first embodiment, the electrophoretic medium is present between two 

substrates, each of wMch is pro*^ t . 
substrates is provided with the further «ec^.T****&V^™y^V^ 
25 aliquidbetween me substrates, butitis alternatively poss^ 

is present in a microcapsule. In the first-mentioned case, the pixels may be mutually 

separated by a barrier. 

In a further embodiment, the electrophoretic medium is present between two 

substrates, one of the substrates comprising the switching electrodes and the further 
30 electrode, notably when use is made of a lateral effect as described in "Development of In- 
Plane EPD", SID 2000 Digest, pp. 24-27. 

In a preferred embodiment, the switching electrodes are comb-shaped and 
interdigital, and parts of the (insulated) further electrode are situated between the teeth of the 
two switching electrodes. Alternatively, the electrophoretic medium may be present in a 
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a in "New Reflective Display Based on Total Internal 

prismatic structure as described in New Kenecuv y j 200Q . 

^„-„,w Pmc 20 th IDRC conference, pp. 311-314 (zuuu;. 
Reflection in Prismatic Microstructures , Proc. W iukv. 

These and other aspects of the invention are apparentfrom and will be 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 shows diagrammatically a display device, 

Fig. 2 shows a pixel of an electrophone display device according to the 

• K.,1, different srey values (intermediate optical atatea) have been realized. 
15 "^^TLpl^viewofa^ofa^e^ho^^Uydev.. 

according to the invention, 

Fig 6 is across-sectiontakenontheUne VI-VIinFig. 5, 

Fig. 7 shows yet another electrophoretic display device according to the 

20 WW p ig . 8 shows how different grey values (intermediate optical states) have been 

realized in the display device of Fig. 8, and 

Fie. 9 shows a variant of Fig. 7. 

*»«™mmatic and not drawn to scale; corresponding parts are 
The Figures are diagrammatic anu uoi 

generally denoted by the same reference numerals. 

Hg.lahowsane.eenie^valen.ofapareofamapUyd.vienitovvhlehdte 

pennon la applicable. It comprises a man* - P*e>s « a, me are, - ^» « 

T« rfecLes 7 and eolnran or data elecbodea 6. The row electrodes Uo m are 

30 provided with data via a data register 5. To this end, Incommg d»*«« pm^ 
necessary, in a processor 10. Mutual synctaordzaUon between the row drrver 

(rcte red ,0 as passive Le, In Vnown dev.<*s, a ciumn e^ode 6 acquires such a voltase 
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i 7 that the pixel assumes one of two extreme states at the area \ 

; via transistors CTFTs) 9 whose gare elects - conn e«ed to *e row 

wtmdea 21 are electrically connected to the column 
elnctrodes 6 (referred to as acuvndnve). The s.gnal 

via the TFT to a picture elecaode. coopled to the drain eleem.de, of a pure. 10. The o 
pCLrJ of the pixel 10 are connected », for example, ground, for 
0 ^of one (or more) — cnnnrer electrons). In the example of »g. l.such.TPT* 

electrode and live means for supplying the tadrer electrode with e,ectric voUage*. 
^ s « Hg. 2, in which a erosion of aoch a p*el provided with a nurd 

poasiblyapar, of the driver), and e*tre column electrode* 6 (and an extraTFTm 

^^pUellO^compH^ 

„d ahove. With drive ^ » » ^ „ Bhould * noBd « 

As will be further explained hereinafter, the vouage 

a a v^tftffe +V The black particles 14 (positively 
ui K^h^trodes 6, 6' are connected to a voltage +v. liwt. r 

13 (which is white in this case). In Fig. 2B, the switcning 

t ilth electrodes 6, 6' are connected to a voltage -V. The positively charged, black 
while both electrodes t ^ H rf in this case towards the potential plane 

particles 14 move towards the lowest potential, in this case i~ 
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a^ed by the electrode* 6, « ^— «o and W aiongside me — * Viewed tan 

theviewingdirection U,*.^-.*-*—***'-*' 14 ' 

Alroto Hg.2C. tom ^d^7i S c»^«>gr 0m d.-n» 

« is again connected to a voltage -V. However, similarly as electrode 7 *e thtrd 
TJZI U now connect to gro^d T*e positive,, charged, Mac, particie, U move 
^dre iowesr potential, in this case an „ea around electiodes 6. «. rs even rn., 
In2 the case when .J* thim elecrrode * is connect ,o a vo.tage + V , as rs hown ,n Ftg. 
Tvtwed from .he viewing direction 15, the pixel now has omy party the color of d« 

of voltages across the electrodes 6, 6 , 7, and arrows io oiagr 
«f the electric forces exerted on the particles 14. 

Since the particles may no. remain posidooed on the subctra*. for example, 
tero movement* the lionid, tt may be advantageoo* to provide!, wi«h a stichng layer. 

, H-seubedin •Micro^ncapaulattdElecm.phoredc Matenals farHecmmc 
microcapsules as de^nbedm Mtcrc-e p decUDpb<OT ttc medtam, a 

™„t„v*" ai^IDRC conference, pp. 84-87 (ZUUU). inee«». f 

> parent — ^^^ 7lB ^^ te P-^ — 
' i H«ta. 6 6' are again connected to a voltage + V. The positively charged, black 

— - electrode at the lowest potential, in this case the electrode 7, 
particles 14 move towards the e viewing direction 15, 

i e towards the lowest part of the microcapsule 17. view 

i.e.iowm T « 4B the switching electrode 7 is 

,« ^ r.ixrf aeain has the color of the liquid 13. In Kg. w.™ 4 6 

r^wfegrmldon 15. me pixel now has the color of th.bfcc.cparhc.es H. 
A.SO in F.g. 4C Ute switching electrode 7 1, connected to 

w v Hnwever similarly as electrode 7, the third 

towards the lowest potential, in tins case ^ from the viewing direction 15, the 

p^n. in *e UpI *r par. of the ^^J^^U connscfed to a voltage «V. as 
pixel now has a ctork gre, color. When me mnti electrode 6 » conn 
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U shown in Fig. 4D. ti* particle* 14 are — P— -o„ g an edge of the microcapsule 
n The pixel now has a light grey color. 

to the display device of Fig. 5. the switching electrodes 6, 7 and the ttord 
declare presen.on.he same subsoil, while the third electrode it «*«-"- 
electrooe o are f dielectric material. In this example, the 

H^. A latere field hereon the two switching electi^ 6. 7 s aUo ^ 
, . „ fW „ e illustrated in the same way as in Figs. 2, 3, various cu*, 

Microsmtcturea", Proc. 20th IDRC conference, pp. 311- 3H (2000). 
8 The known device comprises a prismatic stiuctiue of (in tins example) » 
"of hollow (for example, glass) Mangles comprising a tiouid ,3 whtc con»ms 
, positively charged particles. Dependent on dre vohages acros s dre Cectrodes 6, 7 d* 

„ fRe s 2and4 When Ught-absoAing, positively charged particles 14 are used m nq 
ofP.gs.2and4.Wh gn „ md ^ ^^d to the colors while, black, dark grey 
,3. the configurations 8A. 8B. 8C md 8D CI Mng 

30 wid— ~* 
example, four possible *ey hues are obtained in the examp.es described 

scale can be realized in an analog manner, several van 
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„ f the prismatic stiu«ure o, Fig. 8, such as roof-shaped, spheric! or cylindrical sm-ctines, as 
* sho wn diagrammatic.* in acroas-s^on. by way ofexampte, inKg. 9. Alternative* me 
Uquid 13 may be filled with a black h* containing white TiQ 2 pamdes 14. To pmven. 
Istattbetween Pixels. thepMsshonld* 
5 as possibie. Tnis may be realized by pmviding waUs having a very high melectnc constant, 
OT by conducting waUs. The conducting walls may be connected te electeode 7 (gmnndX 

A combination of one or more of said possibilities is alternately apphcable 

in practice. ^ ^ ^ ^ ^ ^ w ^ embodimOTts 

10 ^^tionreaidcsm^h^deverynovelcbaracterUtic^mmandeach 
^ every combination of characteristic features. Reference numerals m the Cairns do no, 
Uuti. their protective scope. Use o, me verb "to comprise" and its 
exclude mepmsenceofelementeomerthan^ 

15 ot WprecLn g ane,enten,dc~no«e*^ 
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. An elechophoretic display device comprising at leas, one pixel with an 

,.• .,„„!,. W «U as drive means via which the 
electrophomttc medium, and two switching electrodes, as well as an 

oLel can he brought .0 different opdcal sttfcs. wherein Uie pixel comprises a, leas, one 

^llde 1 drive means for realizing — ophca, states via elecrnc 

5 voltages. 

An elechophomnc display device as claimed in claim 1. wherein die display 
Lee comprises means for bringing die pixel to a defined s«e, prior ,„ selecdon. 

An electrophone display device as claimed in claim 1, wherein the 
electrophone medium is present between two substrates each comprising a s^hmg 
l^ml a, least one of the subsumes being provide* with the farmer electrode. 

An electrophoretic display device as claimed in claim 1 or 2, wherein the 
15 electrophoredc medium is present in a microcapsule. 

An elecdophoreuc display device ss Calmed in claim 1 or 3, wherein pixels 
am mutually separated by a barrier. 
„„ fi An electrophoretic display device as claimed in claim 1. wherein the 

M Ltropho Jl^.— ^--— 
the switching electrodes and the further electrode. 

7 Ane lec«rophomricmspla,device ffi clairnedmcl»m3or6,wh«rei„d.e 
25 switching electrodes are comb-shaped and intetdigital. 

Ane.ech^homriedispla,deviceasclaimedinc.aim3or6,whereinn« 

8 . u- w.™.i.»*bv a laver of dielectac material, 
farther electrode is separated from the switchmg electrodes by a layer 



PCT/IB02/00611 

WO 02/073304 

9 

9 An electrophone display deviee as claimed in elaim 8, wherein parts of the 

further electrode are situated between the teeth of the two switching electrodes. 

10 . An electrophoretic display device as claimed in claim 1. wherein the 

electrophoretic medium is present in a prismatic structure. 

u An electrophoretic display device as claimed in claim 10, wherein the 

prismatic stmctureisprovidedproximatetoits base with the two switching elecnodes, and 
the further electrode is situated proximate to the top of the prismatic structure. 
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